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ﭼڠࠤﺪه
زﻧﺪﮔͬ در ﻋﺼﺮ اﻃﻼﻋﺎت، ﺑﺴﯿﺎری از ﺟﻨﺒﻪ ﻫﺎی زﻧﺪﮔͬ اﻧﺴﺎن را ﺑﻪ واﺳﻄﻪ ی ﺳﯿﻞ ﮔﺴﺘﺮده ی داده ﻫﺎ را ﺗﺤﺖ ﺗﺎﺛﯿﺮ ﻗﺮار
داده اﺳﺖ. اﻓﺰاﯾﺶ ﺑﯽ ﺷﻤﺎر داده ﻫﺎ اﺳﺘﻔﺎده از اﺑﺰار ﻧﻮ ﺑﺮای ﻣﻘﺎﺑﻠﻪ ﺑﺎ ﭼﺎﻟﺶ ﻫﺎی اﯾﻦ روزﮔﺎر را ﺑﺮﺟﺴﺘﻪ ﻣ  ͬﮐﻨﺪ. در اﯾﻦ
اﺑﺰار ﺳﺎﺧﺘﺎر ﻫﺎی ﻣﯿﺎن ﻣﺘﻐﯿﺮ ﻫﺎی داده ﻫﺎ ﻧﻘﺶ ﻣﻬﻤﺘﺮی را ﻧﺴﺒﺖ ﺑﻪ ﺣﺠﻢ ﮔﺴﺘﺮده ی داده ﻫﺎ در ﻃﺮاﺣͬ اﻟͽﻮرﯾﺘﻢ ﻫﺎی
ﮐﺎرآﻣﺪ اﯾﻔﺎ ﻣ  ͬﮐﻨﻨﺪ. اﻓﺰون ﺑﺮ ﮔﺴﺘﺮش اﺑﺰارﻫﺎی ﮐﺎرآﻣﺪ، ﺳﯿﻞ داده ﻫﺎ ﻣﻮﺟﺐ اﯾﺠﺎد ﻣﺤﺪودﯾﺖ در ﺟﻤﻊ آوری داده ﻫﺎ
ﺷﺪه اﺳﺖ ﮐﻪ ﻧﯿﺎز ﺑﻪ ﺑﺮرﺳͬ روش ﻫﺎی ﻧﻮﯾﻦ ﺟﻤﻊ آوری داده را ﺑﯿﺶ از ﭘﯿﺶ ﭘﺮرﻧﮓ ﻣ  ͬﮐﻨﺪ.
اﯾﻦ ﭘﺎﯾﺎن ﻧﺎﻣﻪ ﺑﻪ ﺑﺮرﺳͬ راﻫͺﺎرﻫﺎی ﻧﻮﯾﻦ ﺑﺮای اﺳﺘﻔﺎده از ﭘﯿﻮﻧﺪ ﻫﺎی ﻣﻮﺟﻮد ﺑﯿﻦ ﻣﺘﻐﯿﺮﻫﺎی داده در ﺳﺎﺧﺘﻤﺎن اﻟͽﻮرﯾﺘﻢ ﻫﺎ
ﺑﺎزﯾﺎﺑﯽ اﻃﻼﻋﺎت و اﻟͽﻮﻫﺎی ﻧﻮ ﺑﺮای ﮐﺎﻫﺶ ﻧﺮخ ﻧﻤﻮﻧﻪ ﺑﺮداری ﻣ  ͬﭘﺮدازد. ﺑﻪ وﯾﮋه اﯾﻦ ﭘﺎﯾﺎن ﻧﺎﻣﻪ ﺑﺎ ﺑﻬﺮه ﮔﯿﺮی از ذات
ﮐﻢ ﺑﻌﺪ وﯾﺪﯾﻮ ﻫﺎی ﻣﯿﺪان ﻧﻮری ﺑﻪ ﺑﺎزﯾﺎﺑﯽ ﺗﻤﺎﻣͬ زاوﯾﻪ ﻫﺎی دﯾﺪ وﯾﺪﯾﻮی ﻣﯿﺪان ﻧﻮری از ﯾͷ ﺗﺼﻮﯾﺮ ﮐﺪ ﺷﺪه در ازای ﻫﺮ
ﻓﺮﯾﻢ ﺑﺮﭘﺎﯾﻪ ی ﺗﻘﺴﯿﻢ ﺗﺎﻧﺴﻮر ﻣﯿﺪان ﻧﻮری ﺑﻪ ﯾͷ ﺗﺎﻧﺴﻮر ﮐﻢ ﻣﺮﺗﺒﻪ و ﯾͷ ﺗﺎﻧﺴﻮر ﺗﻨﮏ ﻣ  ͬﭘﺮدازد. ﺑﺮﺧﻼف روش ﻫﺎی ﻣﺮﺳﻮم
ﻃﺮح اراﺋﻪ ﺷﺪه ﺗﻐﯿﯿﺮی در وﺿﻮح ﻓﻀﺎﯾﯽ و زاوﯾﻪ ای ﻣﯿﺪان ﻧﻮری اﯾﺠﺎد ﻧﻤ  ͬﮐﻨﺪ. ﻫﻢ ﭼﻨﯿﻦ اﯾﻦ روش ﺑﺮﭘﺎﯾﻪ ی ﺳﺎﺧﺘﺎر
ذاﺗͬ ﻣﯿﺪان ﻧﻮری ﺑﻨﺎ ﺑﻮده و در ﻧﺘﯿﺠﻪ ﺑﯽ ﻧﯿﺎز از روش ﻫﺎی ﯾﺎدﮔﯿﺮی ﺳﺎﺧﺘﺎر ﺗﺼﻮﯾﺮ ﺑﺮاﺳﺎس ﻣﺤﺎﺳﺒﺎت ﭘﯿﭽﯿﺪه اﺳﺖ.
در ﺑﺨﺶ دوم اﯾﻦ ﭘﺎﯾﺎن ﻧﺎﻣﻪ ﯾͷ اﻟͽﻮرﯾﺘﻢ ﻧﻮﯾﻦ ﺑﺮای ﺗﺨﻤﯿﻦ ﻋﻤﻖ ﺗﺼﻮﯾﺮ ﻣﯿﺪان ﻧﻮری اراﺋﻪ ﺷﺪ ه اﺳﺖ. اﯾﻦ روش ﻫﺮ
ﭘﺎره از ﯾͷ زاوﯾﻪ ی دﯾﺪ ﻣﺸﺨﺺ از ﺗﺼﻮﯾﺮ ﻣﯿﺪان ﻧﻮری را ﺑﺮاﺳﺎس ﺗﺮﮐﯿﺐ ﺧﻄͬ از ﭘﺎره ﻫﺎی دﯾͽﺮ زاوﯾﻪ ﻫﺎی دﯾﺪ ﻣﯿﺪان
ﻧﻮری ﺑﺮای ﯾͷ ﻣﺠﻤﻮﻋﻪ از ﻋﻤﻖ ﻫﺎی ﻓﺮﺿͬ ﻣﺨﺘﻠﻒ ﺑﯿﺎن ﻣ  ͬﮐﻨﺪ. اﯾﻦ ﮔﻮﻧﻪ ﺑﯿﺎن ﻫﺮ ﭘﺎره ﺑﺮﻣﺒﻨﺎی ﭘﺎره ﻫﺎی دﯾͽﺮ، ﺑﺴﯿﺎر
ﺳﺎﺧﺘﺎر ﯾﺎﻓﺘﻪ اﺳﺖ ﮐﻪ ﻣ  ͬﺗﻮان ﺑﺎ اﺳﺘﻔﺎده از ﺗﻨﮑͬ ﺳﺎﺧﺘﺎرﮔﻮﻧﻪ ﻋﻤﻖ ﺗﺼﻮﯾﺮ دﻗﯿﻖ ﻫﺮ ﭘﺎره را ﺗﺨﻤﯿﻦ زد.
در ﻗﺴﻤﺖ آﺧﺮ اﯾﻦ ﭘﺎﯾﺎن ﻧﺎﻣﻪ، ﺑﻪ ﻣﻌﺮﻓͬ ﯾͷ ﺳﺎﻣﺎﻧﻪ ﮐﻢ ﻗﺪرت ﻧﻤﻮﻧﻪ ﺑﺮداری از ﺳﯿͽﻨﺎل ﻫﺎی ﭼﻨﺪ ﻣﺠﺮاﯾﯽ ﻏﺸﺎی ﻣﻐﺰ
ﺑﺮاﺳﺎس ﺣﺴͽﺮی ﻓﺸﺮده ﺑﻪ ﻋﻨﻮان ﯾͷ ﺟﺎﻧﺸﯿﻦ ﮐﺎرﺳﺎز ﺑﺮای ﻧﻤﻮﻧﻪ ﺑﺮداری ﻧﺎﯾͺﻮﯾﯿﺴﺖ‐ﺷﺎﻧﻮن ﻣ  ͬﭘﺮدازﯾﻢ. در ﻃﺮح
ﻣﻌﺮﻓͬ ﺷﺪه ﺷﺒﺎﻫﺖ ﺑﯿﻦ ﺳﯿͽﻨﺎل ﻫﺎی ﻣﻐﺰی ﺗﻮﺳﻂ ﺗﻨﮑͬ ﺳﺎﺧﺘﺎر ﮔﻮﻧﻪ ﺷͺﻞ دﻫͬ ﻣͬ ﺷﻮد ﮐﻪ ﻧﻘﺶ ﺑﻪ ﺳﺰای ﺑﺮای ﺑﺎزﯾﺎﺑﯽ
اﯾﻦ ﺳﯿͽﻨﺎل ﻫﺎ از ﻧﻤﻮﻧﻪ ﻫﺎی ﻓﺸﺮده ﺷﺪه اﯾﻔﺎ ﻣ  ͬﮐﻨﺪ.
ﮐﻠﯿﺪ واژه ﻫﺎ: ﺗﻨﮑͬ ﺳﺎﺧﺘﺎر ﮔﻮﻧﻪ، ﮐﻤﯿﻨﻪ ﺳﺎزی ﻣﺮﺗﺒﻪ، ﻣﺴﺎﺋﻞ ﻣﻌﮑﻮس، ﺣﺴͽﺮی ﻓﺸﺮده، ﻋﮑﺲ ﺑﺮداری راﯾﺎﻧﺸͬ، ﻋﮑﺲ
 ﺑﺮداری ﻣﯿﺪان ﻧﻮری، ﺳﻨﺠﺶ ﻋﻤﻖ ﺗﺼﻮﯾﺮ، ﺳﯿͽﻨﺎل ﻫﺎی ﻏﺸﺎی ﻣﻐﺰ
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z∈Rn×G
∑
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∑
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zg ,i = 0, ∀g ∈G , i ̸∈ g ,
??????
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xˆ=Ψ argmin
α∈Rp, β∈Rp×G
∥y−Ψα∥22+λ
∑
g∈G
wg∥βg∥2 ????
⎧⎨⎩
∑
g∈G βg =α,
βg ,i = 0, ∀g ∈G , i ̸∈ g .
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????? ??????????? ?????????? ????????
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+
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PΩ(X)=
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Xˆ= argmin
X∈Rn×m
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Xˆ= argmin
X∈Rn×m
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????η∥·∥∗(X)=U
(
Σ−η)+V⊤. ??????
????? ???????? ?????? ????????
?? ?????? ??? ?????? ??????? ??????? ????? ?? ??? ???? ????? ?????????? ???? ??? ??
???? ??????????????? ????????? ??? ?????? ???? ??? ???????? ???? ?????? ??? ???????
???? ??????? ?? ??? ?????? X ∈ Rn×k ? ??? ??? ???????? ????????????? ?????? y ∈ Rm ??
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Xˆ= argmin
X∈Rn×m
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???????? ??????? ??? PΩ ?? ??? ?????????? ?????????? ???? Ω? ??? ?????? ??????????
???? ????????? ???? ?????
argmin
L,S∈Rn×k
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?????? ?? ??? ????? ???? L ???? ??? ??????? ?? ???? ????? ?? ? ????? ?? ????????? ρ :Ω -→
[0,+∞)? ??? ?????????? ?? ?????? ρ(x, y) ?? ρ? ?? ????????? ???? ??? ?? ??????? ??
Li , j (x, y)= Lp,q (x−ρ∆x(p− i ), y −ρ∆y (q − j )) ?????
??? ??? (x, y) ???? ???? ?????? ??? ??????? ?????? ?? ???? ????? ???? ????? ??? ??? ??? (i , j )
??? (p,q) ?????? ??????
? ?????? ???????? ?? ?????????? ??? ????????? ρ ?? ???? ?? ???? ? ??????????? ???????
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??????? ?? ? ?????? ???????? ?? ????????? ???? ????? ???? ????? ??????
?? ??? ????
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∑
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????? Φ ?? ???? ?????? ??????? ???? ??? ?????????? ???? ???? ??? Γ ?? ? ??????????????
???? ??? ??? ??????? ????????? ρ ???? ?? ????? ?????????? ???? ??????? ?? ??????????
??? ????????? ?????? ??? ?????? ??????? ?? ? ???? ??????????? ????? ????? ???? ?????
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Qρx,y = {Px−ρ∆x (p−i0),y−ρ∆y (q− j0)(Lp,q ) :∀(p,q) ̸= (i0, j0)}. ?????
?? ρ ?? ??? ???? ????????? ?? ? ??????????????? ?????? ?? ?????? ???? ??? ??? ??????? ??
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????? cρx,y ?? ? nm−1 ?????? ?????? ??? ex,y ?? ? W 2 ?????? ?????? ???? ??? ????????
???????? ??? ?????????? ?? cρx,y ????????? ??? ?????? ??????????? ?? ??????? ?? Qρx,y ????
???????? yx,y ? ???? ??? ????????? ρ ??????????? ?? ??? ???? ????????? ??? cρx,y ???? ????
1T cρx,y = 1 ???? ??????? ??? ????? ????????? ???? ?????? ???? ??? ????????? ?? ?????????
??? ??? ????? ??? ?????????? ???? ???????? ????? ?????? ??? ????? ??? ?????? cρx,y ????
???????? ?????? ????? ?? ??????? ?? ????? ??? ????????? ρ ?? ???? ?????? ???? ???? ???
??? {ρ1,ρ2, . . . ,ρD } ??? ?????? ????? ??
yx,y = [Qρ1x,y Qρ2x,y . . . QρDx,y ][cρ1x,ycρ2x,y · · ·cρDx,y ]T +ex,y .=Qx,ycx,y +ex,y , ?????
????? ???W 2×(nm−1)D ?????? Qx,y ??? ??? (nm−1)D ?????? cx,y ??? ?????????? ??????
?? ??? ???????? ?? ??? ??????
??? ????? ??????????
????? ?? ??? ????? ?????? ? ???? ??????????? ??? ?????????? ????????? ??????? ?????
???????? ??
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∥yx,y −Qx,ycx,y −ex,y∥22+µ∥ex,y∥1, ?????
????? µ> 0 ?? ? ???????? ??????????? ??? ?????? ?? ???????? ?? ex,y ? ∥ex,y∥1 ??????? ???
ℓ1 ???? ?? ex,y ? ??? c ??? e ??? ??? ?????? ??????? ???????? ?? ???????? ??????????
??? ??? ??????? cx,y ??? ex,y ????????????? ????? ??? ????? ?????? ?? ??????? ?????? ???
????? ?????? ?? M˜N˜ ? ????? M˜ =M −W +1 ??? N˜ =N −W +1? ??? e ?????? ??? M˜N˜W 2
???????? ??? ??? c ?????? ??? M˜N˜ (nm−1)D ?????????
?? ????????? ?? ??? ???????? ???????? ?? ??? ?? ????????????? ??? ?????????? ?? cx,y ??
??? ??????? ????????? ?? ???? ??? ????????? ??????????? ?? ???? ?? ??? ????? ????? ?????
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ρˆ = argmax
ρ∈{ρ1,...,ρD}
∥cρx,y∥2,1. ?????
??? ???? ??????? ??? ?? ??????? ?? ??? ????????? ??????? ????
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????? ∇ ??????? ??? ????? ???????? ?? ??? ??????? ?????? ???? ??? ?? ??????? ?? ??????
?????? ?? ?????????? ???? ???? ?? ????????? c ?????????? ?? ?? ??????? ?????? ???
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c ??? e ???? ? ?????? ???????? x? ??? ?? ??????? 3 ??? ????????? F1? F2? ??? F3 ?? ???????
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<Ax−y,z1 >−F∗1 (z1)+µ<Πex,z2 >−µF∗2 (z2)
+λ<Bx,z3 >−λF∗3 (z3), ??????
????? ?? ????? ?? ???? ??????? ???? ??
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<K x,z>−Fˆ (z) ??????
????? K .= [A⊤ µΠ⊤e λB⊤]⊤? z .= [z⊤1 z⊤2 z⊤3 ]⊤? ??? Fˆ (z)
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????σF∗(z)= z−σ????F/σ(z/σ) ??????
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?? ????? ??? ????????? ??
?? zn+11 = ????σF∗1
(
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)
?? zn+12 = ????σµF∗2
(
zn2 +σµΠex¯n
)
?? zn+13 = ????σλF∗3
(
zn +σλBx¯n)
?? xn+1 = xn −τK⊤zn+1
?? x¯n+1 = xn+1+θ(xn+1−xn)
F∗1 ? F∗2 ? ??? F∗3 ? ??? ???? ??? ????????? ??? ?????????? ???? ?? ?????? ?? ??? ?????????
????????? ??? ?? ???????? ?? ???????????
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{
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(
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?? xn+1 = xn −τK⊤zn+1
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????? ?????????????? ???????
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∑
p>i ,q> j
Φ(Li , j (x, y)−Lp,q (x−ρ∆x(p− i ), y −ρ∆y (q − j ))) ??????
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???? ?????????? M˜N˜D ???????
??
??????? ?? ? ?????? ???????? ?? ????????? ???? ????? ???? ????? ??????
?????????? ?? ?? ????? ??????????? ?????? ????????? ??????????
??? ???????????? ???????
?? ????? ??? ??????????? ??? ?????????? ?? ??? ????? ???? ????????? ?????????? ??????
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????????? ????????? ????? ??? ????? ????? ????? ?? ??????? ? ?????? ????????? ???? ??
????????? ??? ?????? ?? ????? ???? ?? ??? ????????? ?????????? ??????? ???????? ???
????? ???????? ????????????? ?? ??? ????????? ?? ???????? ?? ??? ?????? ?? ????? ???????
?? ???? ??????? ??? ????????? ????????? ?? ??? Q ??????? ????????? ? ?????? ?????? ??
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ρˆx,y = argmax
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∥cρx,y∥2,1. ??????
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ρ˜ = argmin
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φRm
A/D
A/D
fS / d
Cortical
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(b)
Reference signal
d Samples
fS / d
φR1 = Random 
sequence of length d  
y1
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A/D
fS
φRm
φR1
y1
ym
fS / d
LNA
d Samples
(c)
ΦR1 ΦR2
∑ A/D
(M+1)·fS
Y1
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N = Number of channels
M = Number of measurements
Compressed 
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Cortical
 signal
Reference signal fS / d
n = 1
d
Nyquist 
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∑
n = 1
d
∑
∫
∫
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Scalp
Skull-bone
Dura-matter
Antenna
RF chip
Flexible substrate including microelectronic 
chip and microelectrodes 
Flat microelectrodes
Compressed Sensing
G
A/D
×Φ
X1
XN
Y1
YM(M × N)
Random linear projection
∑
Receiver side Reconstruction
Implant side
X1 XN
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M measurements
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n  mn
A 
m⇥ n 
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??? ?????? ?? ??? ????? ?? ???????? ? ??????? ??? ?? ?? ?????? ??? ??? ??????? ????????
???? ???????? ??? ??????????? ?????????? y=Ax? ?? ????????? ?? ??????? ???? ??? ??????
???????? ?????
xˆ= argmin
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???????? δS < 1 ??
(1−δS)∥x∥22 ≤ ∥Ax∥22 ≤ (1+δS)∥x∥22. ?????
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??? ??????? ℓ1 ???????????? ???????? ? ???????? ???????? ????????? ?? ????????? ???
????? ???????? ?? ??? ???????? ?????? x?
??????? ????? ?????? ?? ??? ?????? A ∈ Rn×m ???????? ??? ?? ????? 2S ???? ????????
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???????????? ????????
???????? ???????? ??? ????????? ???????? ??? ??????? ?? ???????????? ????????? ?
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??????? ????? ???? ?? ??? ?????? A ∈ Rn×m ?? ? ???????????? ??????? ??? ?????? A
???? ??????? ??? ??? ?? ????? S ??? ???????? δS ≤ δ ???? ???????? ??? ??????????? ??
m ≥CS log(n/S), ?????
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⎡⎢⎢⎢⎢⎣
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